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(54) THIN MAGNET ALLOY BELT AND RESIN-BONDED MAGNET 


(57) In order to secure stable magnetic properties in 
a magnet alloy ribt»on obtained by a melt rapid cooling 
method, and otrtain excellent magnetic properties and 
corrosion resistance in a bonded magnet, the area ratio 
of dimple-like recesses (22) present in the surface (roll 
surface) of the alloy ribbon in contact with a cooling roll 
during solidification is defined. As a result an alloy rib- 
bon for a magnet having stable magnetic properles can 
be ot>tained. The use of a powder obtained by grinding 
such an alloy ribbon enak>les formation of a bonded 
magnet having excellent magnetic properties and corro- 
sion resistance. 
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Description 

Technical Field 

5 [0001 ] The present invention relates to a magnet alloy ribbon, and particularly to a rare earth permanent magnet alloy 
ribbon, and a resin bonded magnet using a magnet powder obtained from the alloy ribbon. 

Background Art 

10 [0002] In regard to a method of producing an alloy ribbon by jetting an alloy melt of a rare earth miagnet material on 
a single metallic roll. Japanese Examined Patent Publication No. 3-52528 discloses in line 30 of column 7 on page 4 to 
line 42 of column 9 on page 5 that an alloy ingot sample Is placed in a quartz tiAie and melted, and than the melt is 
jetted at a constant speed on a metallic disk having too high heat capacity tor the melt through a circular orifice provided 
in the lower portion of the quartz tUDe to obtain on alloy ribbon. Japanese Unexamined Patent Publication No. 59-64739 

15 reports that for a rare earth-transition metal- B system magnet composition, the rotational speed of a roll is an important 
factor which influences the magnetic properties of an alloy ribbon. 

[0003] However, consideration has not been given to how the detailed dimensions, shape and surface state of an alloy 
ribbon affect magnetic properties. 

[0004] In addition, a permanent magnet material produced by a conventional rapid cooling method has the following 
20 problems, 

1) Magnetic properties deteriorate due to variations in the micro structure which constitutes the alloy ribbon. 

2) In the formation of a tx>nded nnagnet, when a resin is nonuntformly adhered to a magnet powder, reliability, par- 
ticularly corrosion resistance, deteriorates. 

25 

Disclosure of Invention 

[0005] The present invention has been achieved for solving the problems of a conventional technique. In considera- 
tion of the surface state of the surface (roll surface) in contact with a roll for mainly cooling on alloy ribbon, a first object 
30 of the present invention is to provide an alloy ribbon having excellent magnet characteristics. 

[0006] A second object of the present invention is to provide a resin bonded magnet having excellent magnetic char- 
acteristics and reliability, and formed by bonding a resin and a powder produced by grinding the ailoy ribbon as is or 
after heat treatment. 

[0007] In order to achieve these objects, a magnet alloy ribbon of the present invention is obtained by jetting a R-TM- 
35 B system (R is a rare earth element such a Nd or Pr. and TM is a transition metal) alloy melt on a rotating metallic roll 
to rapidly solidify the alloy melt, wherein the area ratio of dimple-like recesses after solidification, which are present in 
the surface (roll surface) of the ribbon in contact with the roll during solidification, Is 3 to 25%. 

[0008] A nnagnet alloy rit)bon of the present invention is obtained by jetting a R-TM-B system (R is a rare earth ele- 
ment such as H6 or Pr. and TM is a transition metal) alloy melt on a rotating metallic roll to rapidly solidify the alloy melt. 

40 wherein the area ratio of dimple-like recesses, each of which has an area of 2000 jim^ or more and which are present 
in the surface (roll surface) of the ribbon in contact with the roll during solidification, is 0 to 5%. 
[0009] A magnet alloy ribtx)n of the present invention is obtained by jetting a R-TM-B system (R is a rare earth ele- 
ment such as Nd or Pr, and TM is a transition metal) alloy meh on a rotating metallic roll to rapidly solicOfy the alloy melt, 
wherein the dA ratio of the average depth (d) of dimple-like recesses to the average thickness (t) of the alloy ribbon after 

45 solidification, which recesses are present in the surface (roll surface) of the ribbon in contact with the roll during solidi- 
fication, is 0.1 to 0.5. 

[0010] A resin bonded magnet of the present invention is formed by grinding a nnagnet alloy ribbon as it is or after 
heat treatment, which is obtained by jetting a R-TM-B system (R is a rare earth element such as Nd or Pr. and TM is a 
transition metal) alloy melt on a rotating metallic roll to rapidly solidify the alloy melt, to form a powder; mixing the thus- 
50 obtained power and a resin; and then molding the mixture; wherein the area ratio of dimple-like recesses after solidifi- 
cation, which are present in the surface (roll surface) of the ribbon in contact with the roll during solidification, is 3 to 
25%. 

[0011] A resin bonded magnet of the present invention is formed by grinding a nnagnet alloy ribbon as it is or after 
heat treatment, which is obtained by jetting a R-TM-B system (R is a rare earth element such as Nd or Pr. and TM is a 
55 transition metal) alloy melt on a rotating metallic roll to rapidly solidify the alloy melt, to form a powder; mixing the thus- 
obtained powder and a resin; and then molding the mixture; wherein the area ratio of dimple-like recesses, each of 
which has an area of 2000 ^inn^ or more and which are present in the surface (roll surface) of the ribbon in contact with 
the roll during solidif icatbn, is 0 to 5%. 
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[0012] A resin bonded magnet of the present invention is formed by grinding a magnet alloy ribbon as it is or after 
heat treatment, which is obtained by jetting a R-TM-B system (R is a rare earth element such as Nd or Pr. and TM is a 
transition metal) alloy melt on a rotating metallic roll to rapidly solidify the alloy melt, to form a powvder; mixing the thus- 
obtained powder and a resin; and then molding the mixture; wherein the d/l ratio of the average depth (d) of dimple-like 
5 recesses to the average thickness (t) of the alloy ribbon after solidification, which recesses are present in the surface 
(roll surface) of the ribbon in contact wrtth the roll during solidification, is 0.1 to 0.5. 

[0013] In accordance with Claims 1 to 3 of the present invention, the surface state of the surface (roll surface) of the 
magnet alloy ribbon which contacts the roll, particularly the area ratio of dimple-like recesses present in the surface, is 
defined to provide an alloy ribbon havirtg excellent magnet properties. 
10 [0014] In accordance with Claims 4 to 6 of the present invention, the thus-obtained alloy ribbon is ground as it is or 
after heat treatment to form a powder, and the thus-obtained powder is mixed wnth a resin and then molded to provide 
a resin borKled magnet having excellent magnetic properties and reliability. 

Brief Description of the Drawings 

75 

[0015] 

Fig, 1 Is a schematic drawing of an apparatus for producing a magnet alloy ribbon. 
Fig. 2 is a schematic drawing showing the state of a magnet alloy rit>bon. 

20 

Best Mode for Carrying Out the Invention 

[001 6] An embodiment of the present invention will be described below. 

25 1 ) Outlines of production method (magnet alloy ribbon and resin bonded magnet) 

[001 7] Fig. lis a schenr^tic drawing off an apparatus (super rapid cooling method) for producing a magnet alloy ribbon 
by using a single roll. This apparatus is installed in a chamber which can be evacuated. Schematically, a current is 
passed through a radio frequency heating coil wound on a nozzle, which is filled with a raw material or a master alloy 

30 in an inert atmosphere, to melt the raw material or master alloy by induced electric current to obtain an alloy meH. Heat- 
ing means is not limited to radio frequency heating, and a method comprising providing a heating element such as a 
cartx)n heater or the like on the periphery of the nozzle may be used. Then, the melt is jetted on a metallic single roll 
which is set directly below a crucible and which is rotated at a high speed, through an orifice (opening) provided at the 
bottom of the nozzle. Since the metallic roll has a high heat capacity for the jetted melt, the melt is solidified on the roll, 

35 as well as being extended in the rotational direction of the roll to form an alloy ribbon. Each of terms will be descrit>ed 
in further detail below. 

[0018] The nozzle may be filled with each raw material metal which is weighed so as to have the desired composition 
(R-TM-B system) or a sample which is cut off from a master alloy ingot previously produced in a radio frequency melting 
furnace and having the desired composition. Although the nozzle is preferat)iy made of a quartz material, other ceramic 

40 materials such as high-heat-resistant alumina and magnesia, and the like may be used. The orifice (opening) preferably 
comprises a circular hole or a slit. However, in the case of a slit, the length direction of the slit is prefferal>ly as dose to 
the direction (width direction of the ritjfcxjn) perpendicular to the rotational direction of the roll as possikDle. 
[0019] The metallic roll is preferatrfy made of a material such as a copper alloy, an iron alloy, chromium, molybdenum, 
or the like in order to obtain sufficient heat conductivity, and a metal-alloy layer having excellent corrosion resistance 

45 may be provided for improving durability. For example, hard chromium plating may be provided on tiie surface. Because 
the roll surface having excessive roughness deteriorates the wettability of the roil with the alloy melt, the surface must 
be finished by using abrasive paper to a suffficientiy snrooth surface having an average surface roughness of 1/3 or less 
of the ribbon thickness. 

[0020] After setting such as sample filling, polishing of the roll, and the like, the chamber is evacuated to 10'^ torr by 
50 a vacuum pump, and an inert gas is introduced into the chamber to a desired pressure. As tiie inert gas. Ar, He. or the 
liken^ybe used. 

[0021] After the desired atmosphere is obtained, the content of the nozzle is melted to obtain the alloy melt, which is 
then jetted through tiie orifice at the bottom of the nozzle. For jetting, a preferred method comprises jetting the inert gas 
into tiie space above the melt in tiie nozzle under an appropriate pressure (PI), as schematically shown in Fig. 1 . Spe- 
55 cH ically, a discharge device for the inert gas is provbed on the upper portion of tiie nozzle through a solenoid valve so 
that tiie pressurized gas in the cfischarge device is discharged by opening tiie solenoid valve witii timing for jetting to 
spray tiie alloy melt. The substantial injection pressure Pi of the alloy melt is a difference between tiie pressure of the 
inert gas in tiie discharge device and tiie atmospheric pressure in tiie chamber. 
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[0022] The alloy melt jetted as described above ts rapidly solidified on the roll to form an alloy ribbon. Since the cooling 
rate in solidification increases as the rotational speed of the roll increases, the rotational speed of the roll must be 
appropriately set to obtain the desired metal structure. In order to obtain good magnetic properties, good magnetic 
properties may be obtained in an as-spun state (without heat treatment) or heat treatment may be performed after the 

5 alloy ribbon is partially or entirely made an amorphous structure. In the former method, the rotational speed of the roll 
must be set to an optimum value. In the tatter method, the rotational speed Is set to a value higher than the rotational 
speed at which optimum properties can be obtained in the as-spun state to partially or entirely make the alloy ribbon an 
amorphous structure in the as-spun state so that after heat treatment, the alloy ribbon is crystallized to obtain magnet 
characteristics. Although the heat treatment temperature depends upon the alloy composition, the heat treatment tem- 

10 perature is preferably in the range of a temperature immediately above the crystallization tenrperature to 800^0. At a 
temperature lower than the crystallization temperature, crystallization cannot be achieved, while at a temperature over 
900*^0, crystal grains are significantly coarsened, thereby otDtaining unsatisfactory magnetic properties. 
[0023] A magnet powder used for the tx>nded magnet is otitained by grinding the above-described magnet alloy rib- 
bon which enables achievement of good magnet properties. During grinding, the average particle size of the powder is 

15 preferably 100 ^m or less in consideration of mokJability of the bonded magnet. 

[0024] The thus-obtained powder is mixed with a thermosetting resin such as an epoxy resin or the like, or a thermo- 
plastic resin such as a nylon resin or the like, and the mixture is molded to obtain the bOTKted magnet. As the molding 
method, compression molding, injection molding, extrusion molding, or the like can be used. If required, small amounts 
of a lubricant, an antioxidant, and the like may be added to the resin used. 

20 

2) Dimple-like recess 

[0025] In the magnet alloy rit>bon produced by the above-mentioned production method, as a result of observation of 
the surface (referred to as Ihe roll surface** in the present invention) of the alloy ribbon which contacts the metallic roll. 

25 by a scanning electaron microscope (SEM), dispersion of portions recessed in the shape of a dinrple (referred to as **the 
dimple-like recesses" in the present invention) was observed, as shown in Fig. 2. Such portions are possibly mainly 
caused by tiie atinospheric inert gas trapped between tiie alloy melt on the roll and the roll when the melt is rapidly 
solidified by jetting on the roll. Such trapping of the gas is possifcrfy mainly due to the viscous flow of the gas generated 
near the roll surface with rotation of the roll. 

30 [0026] Furthermore, as a result of SEM observation of a broken-out section of the ribbon, which was broken, the crys- 
tcU grain diameter of a normal portion was on the order of several tens nm. while the crystal grain diameter of the main 
phase of a portion adjacent to the dimple-like recesses was relatively large, and coarse crystal grains of the order of 
1|uim were otjserved in some portions. 

[0027] The area ratio is the ratio of the total area (prelected area, projected onto a plane) of tiie dimple-like recesses 

35 to the entire area of the roll surface of the ribbon and was measured by image processing of photographs obtained by 
SEM observation of the roll surface of the alloy ribbon. In examples of the present invention which will be described 
below, tiie dimple-like recesses in at least ten photographs obtained by SEM observation at a magnification of several 
tens were first observed by using a contrast difference of an image, and the areas of the dinrple-like recesses were con- 
verted to a number of pixels to calculate an area ratio. The area ratios of tiie ten photographs were averaged to obtain 

40 a value of the area ratio of the alloy ribbon. 

[0028] The correlation between the area ratio of the dlnrple-like recesses and tiie magnetic properties of the magnet 
alloy ribtx)n was examined in detail. As a result, in the nr^gnet alloy ribkx>n in which the area ratio of the dtnnple-like 
recesses was over 25%, all of coercive force, remanance. arxJ residual magnetic flux density deteriorate to exhibit only 
low magnetic properties . In the magnet alloy ribbon having an area ratio of less tiian 3%. the heat conductivity between 

45 the roll and ttie magneto alloy ribbon is excessively high, thereby causing a large difference between the cooling rate of 
the roll surface and the cooling rate of the opposite surface (refenred to as Ihe free surface" in the present invention), 
which does no\ contact the roll Therefore, variations in the crystal gain diameter in tiie roll surface and the free surface 
are irKreased, thereby deteriorating magnetic properties. Also, in the magnet allc^ ribbon having an area ratio of less 
than 3%. the rapidly solidified ribbon tends to adhere to tiie roll because of the high adhesion between the roll and the 

so rit±K>n, thereby deteriorating tiie yield of the magnet alloy rfobon. In some cases, the roll is rotated with the ribbon 
adhered thereto, and a new melt is jetted on the roll. In such a case, the cooling rate of a portion solidified by newly 
jetting on the ritibon. which adheres to the roll, is very low, and thus the crystal grains are coarsened, thereby deterio- 
rating the magnetic properties of the alloy ribbon obtained. 

[0029] Since the magnet altoy ribbon has tiie above-described characteristics, the magnetic properties of the alloy 
55 ribbon are reflected in production of tiie bonded magnet, and thus the alloy ribbon, in which the area ratio of the dimple- 
shaped recesses is 3 to 25%, is preferably used. 

[0030] In consideration of the area of each of the dimples present in the roll surface, the area ratio of the dimple-like 
recesses each having an area of over 2000 iim^ is preferak>ly lower tiian 5%. As a result of the same innage analysis as 
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desaibed abcwe. the presence of the dimple-like recesses each having an area of over 2000 not only deteriorates 
the magnetic properties of the alloy ribbon Itself, but also adversely affects the reliability of the resultant bonded magnet. 
Namely, the corrosion resislarrce of the bonded magnet deteriorates. This is possibly caused by the fact that the resin 
is localized in the dimple-like recesses having a large area in mixing the nragnet powder and the resin, and uniform 

5 coating of magnetic powder is thus inhibited. 

[0031] The depth of the dimple-like recesses also significantly affects the magnetic properties. For measurement of 
the depth, a laser displacement gage, a micrometer, a capacitance displacement gage, or the like may be used. In the 
examples of the present invention, which will be described below, for at least 20 individual dimple-like recesses of an 
alloy ribtx)n of one lot. the distance between the edgeot e ac h of .digmles and the bottom thereof was measured as a 

10 depth, and the depths were averaged to obtain aiya^ferag e depthA J^ order to calculate the average thickness of the 
alloy ribbon, the volume was calculated from theSweigbt-oHhe-fiBrorTand the density measured by the Archimedes' 
method, and then divided by the width (the average of at least ten measurements obtained by using a microscope or 
the like) and the length of the ritjbon. 

[0032] When the d/t ratio is higher than 0.5. the magnetic properties of the alloy ribt>on significantly deteriorate. In 
15 molding the tended magnet, the porosity is hardly decreased, and the density is hardly increased, thereby deteriorating 
properties. In addition, the resin is insufficiently adhered to the dimple portions, thereby adversely affecting corrosion 
resistance. When the d/t ratio is less than 0.1 , the adhesion between the alloy ribbon and the roll is increased, thereby 
undesiraWy causing the same problems as the case of a tow area ratio (less then 3%). 

[0033] Description will now be made of parameters in the production process for obtaining the magnet alloy ribbon 
20 having the above-described surface state. As described above, trapping of the inert gas is possibly mainly caused by 
the viscous gas flow generated near the roll with rotation of the roll. Therefore, it is preferably to take a measure for sup- 
pressing such a viscous flow. The inert gas atmospheric pressure in the chaml^r has the greatest effect. As the atmos- 
pheric pressure decreases, trapping of the gas decreases, and the area ratio of the dimple-like recesses also 
decreases. However, when the atnfy)spheric pressure is excessively decreased, the area ratio becomes less then the 
25 range (3%) of the present invention, thereby deteriorating the magnetic properties, and causing variations in production 
of alloy ril>bons- In addition, since an operation is carried out in a state close to a vacuum, various limitations occur in 
the apparatus used, thereby causing the problem of inaeasing the apparatus cost. Other parameters which influence 
include the area of the orifice, the melt temperature (viscosity), and the like. 
[0034] The present invention will be described in further detail below with reference to examples. 

30 

(Example 1) 

[0035] Each of Nd, Fe and Co metals having a purity of 99.9% or more, and a Fe-B alloy (B 1 9 wt%) was weighed, 
and melted and cast in an Ar gas in a high-frequency induction melting furnace to obtain a round bar master alloy ingot 

35 having a diameter of 1 0 mm and the composition Nd^ 2^^1.00585 5. 

[0036] About 1 5 g of sample per lot was cut out from the ingot, and an alloy ribbon was produced by such an appa- 
ratus as shown in Fig. 1 . Each of the cut samples was placed in a quartz tube having a circular orifice of 0.6 mm 0, and 
a current was passed through a heating coil to melt the sample in an Ar atmosphere. Then, the alloy melt was jetted on 
a copper roll rotated at 2000 rpm and having a diameter of 200 mm to obtain a nragnet alloy ribbon. In producing the 

40 alloy ribbon, the Ar gas atmospheric pressure, and the Ar gas injection pressure were changed to obtain rit)bons of a 
total of 8 lots. 

[0037] For the thus-obtained alloy ribbons of 8 lots, the area ratio of the dimple-like recesses presertt in the roll surface 
was calculated by image analysis of SEM photographs according to the procedure described in the above embodiment. 
The magnetic properties of each of the alloy rit)bon5 were measured by a vibrating sample magnetometer (VSM) with 
45 the maximum applied magnetic field of 1 .44 MA/m in a state where the length direction of the ribbon was located in the 
direction of the applied nr^gnetic field. Table 1 shows the results of measurement of the area ratio of the dimple-like 
recesses and magnetic properties of each of the lots. 


Lot No. 

Area ratio of dimple-like 
recess (%) 


iHc (MA/m) 

(BH)^a, (kJ/m3) 

A1 

2.3 

Comparative Example 

0.64 

38.4 

A2 

3-0 

This invention 

0.85 

124.3 

A3 

7.8 

This invention 

0.79 

140.5 
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Table 1 (continued) 


Lot No. 

Area ratio of dimple-like 
recess (%) 


iHc (MA/m) 

v*^' '/max v"*^"" / 

A4 

11.2 

This invention 

0.84 

138.2 

A5 

19.8 

This invention 

0.78 

135.9 

A6 

25.0 

This invention 

0.70 

125.1 

A7 

27.2 

Comparative Example 

0.35 

81.1 

A8 

35.1 

Comparative Example 

0.28 

52.8 


[0038] This table indicates that good magnetic properties are obtained in the range of area ratios of 3 to 25%, and 
magnetic properties deteriorate outside this range. 
15 [0039] Several alloy ribbons were formed by the same method as described above using an ingot having each of the 
compositions shown in Table 2 at a roll rotational speed of 2000 rpm. 


Table 2 


Composition A 

NdiaFebai.CosBss 

Composition B 

Nd4.5FebaLC05B5.5 

Composition C 

Nd8.5Febai.B5,5 


[0040] Each of the alloy ribbons was ground by a kneader to form a powder, which was then mixed with 1 .8 wt% of 
epoxy resin, and molded by a press under a pressure of 6 ton/cm^ to produce a bonded magnet of 10 mm 0x7 mm t 
(thickness). The magnetic properties of the thus-obtained bonded magnets were measured in a maximum applied mag- 
netic field of 2 MA/m by a DC recording flux meter. Tatile 3 shows the area ratio of dimple-like recesses and magnetic 
30 properties of each of the alloy ribbons. This invention and comparative examples were discriminated according to the 
area ratio. 


Table 3 


Composition 

LollSto. 


Area ratio (%) 

iHc (MA/m) 

(BH)^axO^/m^) 

Composition A 

BM-Aa 

This invention 

9.8 

0.89 

110.2 

Bf^-Ab 

This invention 

14.7 

0.83 

105.9 

BM-Ac 

Comparative Example 

32.4 

0.38 

43.5 

Composition B 

BM-Ba 

This invention 

4.8 

0.39 

78.3 

BM-Bb 

This invention 

20.4 

0.35 

72.6 

BM-Bc 

Comparative Example 

2.6 

0.18 

10.3 

BM-Bd 

Comparative Example 

26.7 

0.09 

20.4 

Composition C 

BM-Ca 

This invention 

8.2 

0.61 

122.1 

BM-Cb 

This invention 

24.3 

0.64 

128.2 

BM-Cc 

Conrparative Example 

40.2 

0.26 

32.4 


[0041] This table indicates that good magnetic properties can be achieved by the bonded magnet formed by using 
the alloy ribbon having dimple-like recesses at an area ratio in the range of the present invention. 

55 (Example 2) 

[0042] A magnet alloy ribbon was produced by using a sample cut off from the ingot having the composition C shown 
in Table 2. The roil material, and the rotational speed were the same as Example 1. and the other conditions including 
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the injection conditions, atmospheric conditions, etc. were changed to obtain magnetic alloy ribbons of a total of 6 lots. 
For each of the tiius-obtained alloy ribbons, the area ratio of dimpie-like recesses each having an area of 2000 jim^ or 
more was measured by Image analysis. 

[0043] Then, each of the alloy ribbons was ground to form a magnet powder, which was then mixed witii 1 .8 wt% of 
5 epoxy resin and compression-molded under a pressure of 6 ton/cm^ to obtain a bonded nragnet of 10 mm x 7 mm t. 
The magnetic properties of each of the thus-obtained bonded magnets were measured by a DC reading flux meter with 
a maximum applied magnetic field of 2 MA/m. Also corrosion resistance of each of tine magnets was evaluated by a 
constant-temperature-constant-humidity test at 60**C and 95% RH for 500 hours. The presence of rust on the surfaces 
was visually observed. 

10 [0044] Table 4 shows the results of the area ratio of dimple-like recesses each having an area of 2000 jinfi^ or more, 
magnetic properties, and corrosion resistances of each of the alloy ribbons. In regard to evaluation of corrosion resist- 
ance, a magnet causing no rust is marked with Q . ancl a magnet causing rust is marked with X. 


Table 4 


Lot No. 

Area ratio (%) 

IHc (MA/m) 

{BH)^a, (kJ/m^) 

Corrosion resistance 

BM-Ce 

0 

0.59 

121.9 

O 

BM-Cf 

1.2 

0.63 

125.1 

O 

BM-Cg 

2.8 

0.65 

119.2 

O 

BM-Ch 

5.0 

0-55 

120.7 

O 

BM-Ci 

6.3 

0.48 

85.4 

X 

BM-Cj 

10.2 

0.24 

51.3 

X 


[0045] This table Indicates that a bonded magnet having good corrosion resistance and magnetic properties can be 
obtained from an alloy ribbon having dimple-like recesses each having an area of 2000 nm^ or more at an area ratio of 
30 0 to 5%. 

(Example 3) 

[0046] A round bar-shaped master alloy ingot having tiie composition (Composition D) f^dnFebaj.CosBg 5V1 5 and a 

35 diameter of 1 0 mm 0 was obtained by ttie same method as Example 1 . 

[0047] A sample of about 1 5g per lot was obtained from tills ingot, and tiien placed in a quartz tube having a circular 
hole orifice of 0.8 mm 0 provided at the bottom thereof. A current was passed through a heating coil to mett the sample 
in an Ar atimosphere, and tiie resultant melt was jetted on a copper roll having a diameter of 200 mm and rotating at 
4000 rpm to obtain a magnet alloy ribbon. In producing an alloy ribbon. Injection conditions and atmospheric conditions 

40 were changed to obtain alloy ribbons of a total of 8 lots. For each of the thus-obtained rlt*x)ns. the d/l ratio of the aver- 
age depth to the average thickness was measured by tiie method described above in the embodiment. 
[(X>48] As a result of X-ray diffraction of the alloy ribbons, all diffraction peaks were broad peaks. It was thus confirmed 
that the structure of each of tiie alloy ribbons is partially amorphous. After heat treatment In Ar at 650*'C for 1 0 minutes, 
the magnetic properties of these ribt)ons were measured by the same method as Example 1 . 

45 [0049] Table 5 shows the d/l value and magnetic properties of each of the alloy riblx>ns. 


Table 5 


50 


55 


Lot No. 

dA 


iHc (MA/m) 

(BH)^a,(kJ/m3) 

D1 

0.05 

Comparative Example 

0.68 

77.8 

D2 

0.10 

This invention 

0.81 

133.2 

D3 

0.18 

This invention 

0.83 

136.0 

D4 

0.28 

This invention 

0.79 

131.5 

D5 

0.36 

This invention 

0.82 

128.3 

D6 

0.50 

This invention 

0.72 

125.1 
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Table 5 (continued) 


Lot No. 

dA 


iHc (MA/m) 

(BH)^^, (kj/m3) 

D7 

0.55 

Comparative Example 

0.35 

85.4 

D8 

0.64 

Comparative Example 

0.28 

41.9 


[0050] This table indicates that good magnetic properties can be obtained by an alloy ribbon having a d/l ratio of 0.1 
to 0.5. 

10 [0051] Several alloy ribbons were formed by using ingots of the compositions shown in Table 6 at a roll rotational 
speed of 4000 rpm. with the injection conditions and atmospheric conditions changed. The d/t ratio of each of the rib- 
bons was measured. 


Table 6 


Composition E 

NdisFebaiBs.sNbio 

Corrposition F 

Nds.oFebai.Bs.oCoi.o 


20 [0052] After heat treatment at a tenperature higher than the crystallization temperature of each of the compositions 
for 1 0 minutes, each of the ribbons was ground by a kneader to form a powder which was then mixed with 1 .8 wt% of 
epoxy resin, and compression-molded under a pressure of 6 tor>/cm^ to obtain a bonded magnet of 10 mm 0x7 mm 
t. The magnetic properties of each of the bonded magnets were measured by a DC reading flux meter in a maximum 
applied magnetic field of 2 mA/m. Also corrosion resistance of rich of the magnets was evaluated by a constarrt-tem- 

25 perature-constant-humidity test at 60'C and 95% RH for 500 hours. The pres^ce of rust on the surface was deter- 
mined by visual observation. 

[0053] Table 7 shows the results of measurement of the drt ratio, magnetic properties, and corrosion resistance of 
each of the alloy ribbons. In the table, in evaluation of corrosion resistance, a magnet causing no rust is marked with 
O . and a magnet causing rust is marked with X. 
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Table 7 


Composition 

Lot No. 


d/l 

(BH)^3, (kJM 

Corrosion resistance 

Composition E 

BM-Ea 

This invention 

4.8 

65.0 

O 

BM-Eb 

This invention 

20.4 

63.2 

O 

BM-Ec 

Comparative Example 

2.6 

39.8 

X 

BM-Ed 

Comparative Example 

26.7 

41.2 

X 

Composition F 

BM-Fa 

This invention 

8.2 

120.7 

O 

BM-Fb 

This invention 

24.3 

118.3 

O 

BM-Fc 

Comparative Example 

40.2 

50.1 

X 
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[0054] This table reveals that a t>onded magnet having good con-osion resistance and magnetic properties can be 
obtained from an alloy ribbon having a d/l ratio in the range of the present invention. 

Reference Numerals 

so 

[0055] 

1 1 alloy melt 

12 nozzle 

55 13 radio frequency heating coil 

14 metallic roll 

1 5 magnet alloy ribbon 

1 6 rotational axis of roll 
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1 7 rotational direction of roll 

21 roll surface of a magnet alloy ribbon 

22 dimple-like recess 

23 length direction of a magnet alloy rODbon 

5 24 thickness direction of a magnet alloy rit>bon 

Claims 

1. A magnet alloy ribbon obtained by jetting a R-TM-B system (R is a rare earth element such as NkJ or Pr. TM is a 
10 transition metal) alloy melt on a rotaing metallic roll to rapidly solidify the alloy melt» wherein the area ratio of dimple- 
like recesses after solidification, which are present in the surface (roll surface) of the ritrf3on in contact with the roll 
during solidification, is 3 to 25%. 

2. A nnagnet alloy ribbon obtained by jetting a R-TM-B system (R Is a rare earth element such as Nd or Pr, TM is a 
15 transition metal) alloy melt on a rotating metallic roll to rapidly solidify the alloy melt, wherein the area ratio of dim- 
ple-like recesses, which are present in the surface (roll surface) of the ril^bon in contact with the roll during solidifi- 
cation and each of which has an area of 2000 \ivr^ or more, is 0 to 5%. 

3. A magnet alloy ribbon obtained by jetting a R-TM-B system (R is a rare earth element such as Nd or Pr, TM is a 
20 trarertion metal) alloy melt on a rotating metallic roll to rapklly solidify the alloy melt, wherein the d/l ratio of the aver- 
age depth (d) of dimple-like recesses after solidification to the average tiiickness (t) of tiie alloy ribbon, which 
recesses are present in the surface (roll surface) of the ribbon in contact with the roll during solidification, is 0.1 to 
0.5. 

25 4. A resin bonded magnet obtained by grinding a magnet alloy ribbon as it is or after heat treatment, which is obtained 
by jetting a R-TM-B system (R is a rare earth element such as Nd or Pr. TM is a transition metal) alloy melt on a 
rotating metallic roll to rapidly solidify the alloy melt, to form a powder; mixing the powder and a resin; and then 
molding tiie mixture; wherein tiie area ratio of dinple-like recesses after solidification, which are present in the sur- 
face (roll surface) of the ribbon in contact with the roll during solklif ication. is 3 to 25%. 

30 

5. A resin fcwnded magnet obtained by grinding a magnet alloy ribbon as it is or after heat treatment, which is obtained 
by jetting a R-TM-B system (R is a rare earth element such as Nd or Pr. TM is a transition metal) alloy melt on a 
rotating metallic roll to rapidly solidify the alloy melt, to form a powder; mixing the powder and a resin; and then 
molding the mixture; wherein the area ratio of dinrple-like recesses, which are preset in the surface (roll surface) 

35 of the ribbon in contact with the roll during solkWication and each of which has an area of 2000 jinf or more, is 0 
to 5%. 

6. A resin bonded magnet obtained by grinding a magnet alloy ribbon as it is or after heat treatment, which Is obtained 
by jetting a R-TM-B system (R is a rare earth element such as Nd or Pr, TM Is a transition metal) alloy melt on a 

40 rotating metallic roll to rapidly solidify the alloy melt, to form a powder; mixing the powder and a resin; and then 
molding tiie mixture; wherein the drt ratio of tiie average deptii (d) of dimple-like recesses after solidification to the 
average thickness (t) of the alloy riblxjn, which recesses are present in the surface (roll surface) of the ribtjon in 
coritact with the roll during solidification, is 0.1 to 0.5. 
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Fig. 1 
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Fig. 2 



BNSDOCID: <EP__0936633A1_L> 


11 


EP 0 936 633 A1 


INTERNATIONAL SEARCH REPORT 

ioternfttionol af^pltcation No. 


PCT/aP98/03327 


A CLASSinCA-nON OF SUBJECT MATTER 

Int. CI* HOlFl/04, 1/08, B22Dli/06, C22C3a/00 


Aocording to Inrcmatkxw) Patent Qasyifiotion (IPQ or to bolb wutonal ctoifioliofl ami IPC 

R FIELDS SEARCHED 

Mtfiimure dooume&iatioo searched (clastificatian lyatem frikmred hydacslficaiion gytnbo^s) 
Int. CI* HOlFl/04/ 1/08, B22D11/06, C22C38/00 


Doomnentation searched other than niotmom documeniation to the extent that such documeois are included in the fields searched 
Jitaijyo Shliun Kctio 1940-1998 
KdJcai Jltsuyo Shlnan Koho 1971-1998 

Blectrooic data base consulted during the tnternalionaJ search (oame of data base and, where practicable, search terms used) 


C DOCUMENTS CONSIDERED TO BE RELEVANT 


Category* 


Gtaticn of document, with indicatioa» where appropriate, of the relevant passages 


Relevant to claim No. 


JPr 8-260112, A (Daido Steel Co., Ltd.)r 
8 October, 1996 (08. 10. 96), 
Claims (Family: none) 


1-6 


[ I Further dociunenu are listed in the coniinuaiion of Box C See patent famtl j aooejr. 


died 

docuBicel di^oi^s SMciaS Jlate of Ilia art whka is fMM 
ceoBdcfed lo be of paniadu w faya a c e 
*^ cadicrdnca i iira t fait pubKahedoa Of afier ihc mtematiopal tUiag <hte 
'L' rtnnimrnl whicfa n»y Ihniw dp»bl» vm priority cIm»<«> or wtech i« 
Oled to escabliih tka publjatiam d»<e of anoi^ dtatioa orouba 
Vaaal wMon (at ipfrififd) 
'O* doounotf xcferrio£ioaoonU dbcloaifv,aw,cxiiib«donoroi^ 

I publhhed prior to iba latcrastloml fUlsg <kkl* bat bl>r tlian 


hicrdocuai0itfpabtMffdafla'lheliitcn»ioia|liliitd»ieorpfl«dv 

dits aad aot ia coaDio whh ll» applifvtini Imi dinl to uadmiaad 

div praopfe itunfy aadcrij^sg ttic iiiiMalwM 
*X' dociuocat of ptxttodar it kv ame. die dained invcadoa canikotbc 

I t m t kU I I A Bovd or caaoot be ooaaidacd lo iorolve aa iaveadvesiqy 

wbeo dn doGUBMOl is takoo aloac 
*Y* docamc a tofpardcidarfTikv ann^ ihectoiaiodlgveittoCTo^ 

omndesed lo itnroKte m iwcolivo sl^v when Ihc dooiineot is 

cocaibioMJ with om os more oth*r «ach 6ocummtts, ncfa coaiblo»Uoo 

helag obvious k> a peiaooakHkd in (heart 
"A* docttgirrt wembcf cf the lamo palttrt funiiy 


Date of the adaal oompktion of the international search 
12 October, 1998 (12. 10. 98) 

Dale of mailing of the intematioasl search report 

20 October, 1998 (20. 10. 98) 

Name and matling address of the ISA/ 

Japanese Patent Offic 

Facaimile No. 

Authorized officer 
Telephone No. 


Fbnn PCr/ISA/210 (second sheet) (July 1992) 


12 


BNSDOCID: <EP 0936633A1J_> 


